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438a Tuesday, February 28, 2012Bcl-2 - the major regulating protein - and its interplay with the mitochondrial
membrane system are being transferred as physiological consequences at the
organelle (mitochondrion) and cellular level is still mysterious. Therefore,
we use a biophysical, solid state NMR based approach to develop a mitochon-
drion based test system, where we can study the physiological response of in-
tact mitochondria of various origin (cancer, healthy, ALS motor neurons) ex
vivo upon apoptotic stress ranging from novel cancer drugs to amyloidogenic
proteins such as A-beta protein or SOD1 protein, the main culprits in AD
and ALS, respectively.
2221-Plat
Near Infrared Light-Dependent Nitric Oxide Effect on Mitochondrial
Respiration
Garth Brandal, Phillip F. Pratt, Martin Bienengraeber.
Medical College of Wisconsin, Milwaukee, WI, USA.
Reperfusion of a previously ischemic myocardium is a critical life-saving in-
tervention against tissue necrosis, but reperfusion itself also results in signif-
icant damage to myocardium. Many therapeutic strategies such as ischemic
and volatile anesthetic pre- and postconditioning have been suggested but
few have translated effectively to humans. Near infrared and far red light
(NIR) has been demonstrated to protect the myocardium against ischemia
and reperfusion (IR) injury. The beneficial effect of NIR is mediated in
part by an increase in nitric oxide (NO) bioavailability. Under hypoxic con-
ditions, heme-containing proteins such as myoglobin (Mb) and hemoglobin
(Hb) exhibit nitrite reductase activity which results in an increase in NO
bound to Mb and Hb. NIR treatment is thought to cause a photolysis of
MbNO and HbNO which results in an increase in active NO when applied
at the time of reperfusion. We hypothesize that NIR-enhanced NO during
reperfusion modulates mitochondrial bioenergetics by interaction with the
electron transport chain and thereby may induce cardioprotection. Isolated
mitochondria were incubated with substrate and ADP in an air tight chamber.
Oxygen consumption of mitochondria created a hypoxic environment,
simulating conditions of ischemic myocardium. Deoxymyoglobin and nitrite
were added to the reaction chamber during the hypoxic period and then reox-
ygenation was performed in the presence and absence of NIR (670 nm,
50 mW/cm2). A faster reoxygenation of the chamber, corresponding to an
inhibiton of mitochondrial respiration was observed when the reaction was
exposed to NIR during hypoxia and throughout reoxygenation. This mild in-
hibition of mitochondrial respiration by NIR may decrease reactive oxygen
species during reoxygenation and thereby lead to increased cell viability. In-
terestingly, in a diabetic mouse model (db/db) were ischemic or anesthetic
postconditioning fail to protect the myocardium against IR injury, NIR treat-
ment decreased infarct size.
2222-Plat
Spatial Fourier Transform (SFT) for Robust Detection of Mitochondrial
Depolarization in Ischemic Myocardium
Paul W. Venable, Tyson G. Taylor, Junko Shibayama, Mark Warren,
Kenneth W. Spitzer, Alexey V. Zaitsev.
Nora Eccles Harrison Cardiovascular Research and Training Institute,
University of Utah, Salt Lake City, UT, USA.
Mitochondrial potential (DJ) loss is a critical event during myocardial is-
chemia. Potentiometric dye TMRM accumulates inside well-polarized mito-
chondria and is used as an DJ indicator. However, during no-flow ischemia
(NF-ISCH) total TMRM fluorescence may remain unchanged despite DJ
loss. We sought to improve detection of DJ loss during NF-ISCH
using SFT. Langendorff-perfused rabbit hearts (n=8) were stained with
TMRM (400 nM). Motion was abolished by Blebbistatin (5 mM). TMRM
fluorescence was recorded confocally from left ventricular subepicardium
(0.5mm/pixel, 20x objective lens) in control, while perfusing mitochondrial
uncoupler FCCP (5 mM), and after 65515 min of NF-ISCH. In control
SFT revealed distinct peaks (MITO-PEAKs) at spatial frequency of
12.3750.06 mm along the
longitudinal axis of myocytes
(Figure), possibly related to
the sarcomere length. MITO-
PEAKs were greatly de-
pressed after FCCP (not
shown) and NF-ISCH (Fig-
ure). Normalized spectral
power under MITO-PEAKs
was significantly different
between control and FCCP
(p=0.019), and control and
NF-ISCH (p=0.016). In con-trast, total TMRM brightness failed to reveal significant difference (control
vs. FCCP, p = 0.077; control vs. NF-ISCH, p=0.678). Thus, analysis of
MITO-PEAKs in SFT spectrum provides a robust method for detecting
DJ loss in ischemic myocardium.Workshop: Measuring, Modeling, and Designing
Protein Recognition Specificity
2223-Wkshp
Computational Design of Proteins which Broadly Neutralize Influenza
Sarel Fleishman.
Weizmann Institute of Science, Rehovot, Israel.
Design of protein interactions is a key challenge in molecular biology and
would open new routes for biomedical research and biotechnology. We devel-
oped a general computational method for designing proteins that bind a surface
patch of interest on a target macromolecule. Favorable interactions between
disembodied amino acid residues and the target surface are identified and
used to anchor de novo designed interfaces. The method was used to design
proteins that bind a conserved surface patch on the stem of the influenza
hemagglutinin (HA) from the 1918 H1N1 pandemic virus. After affinity matu-
ration, two of the designed proteins, HB36 and HB80, bind H1 (Spanish influ-
enza) and H5 (avian influenza) HAs with picomolar affinity. Further, HB80
inhibits the HA fusogenic conformational changes induced at low pH. The
crystal structure of HB36 in complex with 1918/H1 HA revealed that the
actual binding interface is nearly identical to that in the computational design
model. Affinity-increasing mutations isolated through experimental affinity
maturation helped shed light on crucial elements which are missing in compu-
tational design calculations, such as long-range electrostatics. These have been
incorporated in design calculations to improve the computational method’s
ability to generate de novo designed binders and inhibitors. Such designed
binding proteins may be useful as diagnostics, therapeutics, and molecular
probes.
2224-Wkshp
Synthetic Proteins Engineered for the Modulation of Cell Signaling
Sachdev Sidhu.
Donnelly Center for Cellular and Biomolecular Research, University of
Toronto, Toronto, ON, Canada.
Over the last decade, therapeutic monoclonal antibodies represent one of the
major breakthroughs for the treatment of cancer and other diseases. To date,
most therapeutic antibodies have been obtained by the humanization of
rodent-derived antibodies, but in recent years, research in antibody engineer-
ing has given rise to a new wave of technologies that promise to transform
the field. Phage-displayed libraries of ‘‘synthetic antibodies’’ use entirely
man-made antigen-binding sites and thus circumvent the need for natural im-
mune repertoires. Using in vitro selections, highly functional antibodies with
fully human frameworks can be generated against virtually any antigen in
a matter of weeks. Access to the encoding DNA allows for rapid affinity mat-
uration, fine tuning of specificity and recasting into different molecular for-
mats. We have developed particularly simple synthetic antibodies that use
a single human framework and limited chemical diversity in restricted regions
of the antigen-binding site. These structural simplifications enhance the perfor-
mance of the libraries, which have yielded highly functional and stable anti-
bodies against numerous diverse antigens. These libraries are capable of
fulfilling all of the roles of natural antibodies, and furthermore, they extend
the use of antibody technologies to many challenging problems, such as the
recognition of conformational changes, post-translational modifications, struc-
tured nucleic acids and integral membrane proteins. Moreover, the recombi-
nant nature of synthetic antibodies makes them ideal reagents that can be
used as crystallization chaperones to aid the elucidation of structures for com-
plex antigens. Extending the synthetic concept even further, we have devel-
oped novel binding scaffolds that enable applications beyond the range of
antibodies, and these include the development of scaffolds that can be synthe-
sized completely using peptide chemistry and scaffolds that fold and function
inside cells.
2225-Wkshp
Making Picky Proteins: Computational Design of Interaction Specificity
Gevorg Grigoryan, Ph.D.
Computer Science Department, Dartmouth College, Hanover, NH, USA.
The ability to alter or inhibit protein interactions specifically would advance
basic and applied biomolecular science. Increasingly, protein interactions in
the cell are found to be mediated by conserved recognition domains. For this
reason, robust targeting of individual proteins will require solutions to the
Tuesday, February 28, 2012 439aproblem of negative design - encoding of features that prevent the design from
interacting with undesired off-target partners. This presents several challenges.
First, issues of computational complexity, normally already present in protein
design, become more severe due to the potentially numerous off-target alterna-
tives. Second, given the semi-empirical nature of scoring functions used in de-
sign, there is not a clear choice of an a priori objective function that properly
balances specificity and stability. I will present a general framework that ad-
dresses both problems. The key feature is a method of Cluster Expansion
(CE), by which one can synthesize simple sequence-based expressions that re-
produce the result of potentially complex structure-based models. Besides pro-
viding a computational speedup of many orders of magnitude, this enables the
use of a new class of optimization techniques for address complex design prob-
lems. For example, using integer linear programming, specificity design can be
formulated so as to find optimal trade-offs between the stability of the design:-
target complex, and its specificity against undesired interactions. In this way,
the choice of sequence can be made after knowing the minimal cost in stability
for each incremental increase in specificity, removing the need for an a priori
objective function.
2226-Wkshp
Structure-Based Characterization of Peptide-Mediated Protein Inter-
actions
Ora Schueler-Furman.
Hebrew University, Jerusalem, Israel.
Peptide-mediated protein interactions are increasingly recognized to play a cru-
cial role in the cellular regulatory network. Our ability to accurately model the
structure and binding specificity of these interactions provides an invaluable
tool towards improved understanding of individual interactions and their func-
tional importance to the cell.
Structural modeling of these interactions has been challenged by the consider-
able conformational space that the peptide can sample upon binding to its
receptor. We have developed an accurate tool for the modeling of peptide-
protein complex structures that efficiently but extensively samples the peptide
conformational freedom upon binding (Rosetta FlexPepDock1-3).
In my talk I will focus on recent work in which we have extended this protocol
towards the structure-based prediction of binding specificity (Rosetta FlexPep-
Bind). I will describe the calibration and application of FlexPepBind to the
characterization of protein substrate specificity of the prenylation enzymes
Farnesyl- and Geranylgeranyl-transferases (FTase and GGTases, respec-
tively)4. Prenylation consists of the covalent addition of a lipid group to pro-
teins that contain a CXXX’ c-terminal tail (C=cysteine; X=any amino acid),
thereby tagging the protein to the membrane. FTase FlexPepBind identifies
proteins that undergo farnesylation based on the capability of these 4 c-terminal
residues to bind to FTase: We not only accurately retrieved known substrates,
but also suggested a novel class of previously unknown farnesylation sub-
strates, which were subsequently shown in vitro to indeed undergo farnesyla-
tion (in collaboration with the Fierke lab, University of Michigan). These
findings shed new light both on the factors that determine peptide binding, as
well as on farnesylation in the cell.
1. Raveh et al. (2010) Proteins 78:2029.
2. Raveh et al. (2011) PLoS ONE 6:e18934.
3. London et al. (2011). Nucleic Acids Research 39:W249.
4. London et al. (2011). PLoS Computational Biology doi:10.1371/journal.
pcbi.1002170.Workshop: Protein Reconstitution in Artificial
Membrane Systems
2227-Wkshp
Self-Assembled Nanometer Scale Lipid Bilayers for Elucidating the Struc-
ture and Function of Membrane Proteins
Stephen G. Sligar, Ph.D.
Biochemistry, University of Illinois, Urbana, IL, USA.
One of the most challenging problems in biochemical science are studies of in-
tegral membrane proteins. Using designed amphipathic helical peptides,
termed membrane scaffold proteins (MSPs) we have developed a simple and
robust system that self-assembles phospholipids into soluble discoidal phos-
pholipid bilayers 8-10 nm in diameter, termed Nanodiscs. Importantly, the
same self-assembly process can be used to directly incorporate a variety of in-
tegral membrane proteins into these nanobilayers. The result is a native-like en-
vironment that provides stability and full functionality for these integral
membrane protein targets. Using MSPs of varying lengths, the size and compo-
sition of the Nanodiscs can also control the oligomerization state of incorpo-rated targets. During my presentation I will relay our most recent results in
the incorporation of integral membrane enzymes, channels, transporters and re-
ceptors into Nanodiscs as well as the structural, biophysical and biochemical
characterization of these nanostructures. We have also demonstrated that
this same self-assembly process can be used to form Soluble Membrane Protein
Libraries (SMPL) which can be used as the basis for high-throughput screening
of protein-protein, cell-cell and cell-viral interactions. Supported by grants
from the National Institutes of Health.
2228-Wkshp
Platforms for Characterization of Membrane Protein Interactions
Kalina Hristova.
Johns Hopkins University, Baltimore, MD, USA.
We have developed a directed-assembly method for producing surface-
supported lipid bilayers with mobile TM helices, as a platform for investiga-
tions of lateral interactions between membrane proteins. This assembly allows
control over protein concentration and TM orientation, and offers a unique ca-
pability to incorporate TM helices with uni-directional orientation, in order to
mimic biological membranes. We have shown that FRET spectra of single bi-
layers can be recorded, yielding the energetics of protein interactions. Currently
we are working to (1) determine the range of lipid compositions that can be
used with this bilayer platform, and to (2) establish the uni-directional orienta-
tion of model TM helices.
While the supported bilayer platform can be used for TM helices, it cannot be
used for complex membrane proteins. To over:come this limitation, we have
established plasma membrane-derived vesicles as a model system for studies of
membrane protein interactions in mammalian membranes. The vesicles are
a simplified model of the cell membrane because there is no cytoskeleton
and no TM potential. In the vesicles, no new receptors are delivered to the
membrane or destroyed (downregulated), allowing us to focus on the thermo-
dynamics of membrane protein interactions without the need for receptor puri-
fication and reconstitution into lipid vesicles. While the most popular methods
of vesiculation involve small concentrations of formaldehyde, we have devel-
oped a novel vesiculation protocol that does not use active chemicals. We have
demonstrated that free energies of membrane protein interactions in the com-
plex membrane environment can be measured. Our results suggest that molec-
ular crowding in cellular membranes affects the strength of membrane protein
interactions.
2229-Wkshp
Finding the Right Straw in a Haystack: How Lipid-Detergent Interactions
may Affect the Solubilisation and Reconstitution of Membrane Proteins
Heiko Heerklotz.
UofT, Toronto, ON, Canada.
It seems trivial that covering the hydrophobic, transmembrane parts of
a membrane protein by a detergent micelle protects it from being denatured.
What remains poorly understood is why it may need special (often complex
mixtures of) detergents to study a given protein while hundreds of other de-
tergents that form very similar micelles fail. One step toward a rational se-
lection of conditions for membrane protein solubilisation and reconstitution
may therefore be establishing a ‘‘catalogue’’ of crucial detergent properties.
The proper selection, mixture, or sequence of detergents to be used would
then be the one that shows the right combination of all these ‘‘catalogue’’
properties. Further to specific detergent-protein interactions, such criteria
might be the phase state and mixed lipid-detergent micelle structure at
a given composition, the mechanism of membrane disintegration, the mem-
brane curvature stress induced by a detergent, its ability to flip-flop between
the membrane leaflets, its miscibility with the membrane components (lipids,
sterols, etc.), its effect on membrane order and thickness, and the ability to
solubilise cholesterol and other molecules in its micelles. An understanding
of these parameters may aid the optimization of protein stability and func-
tion, protein distribution between vesicles and between membrane orienta-
tions, local protein concentration, and the suitability of the sample for
a certain technique.
2230-Wkshp
Spatial Organization and Signal Transduction in Cell Membranes
Jay Groves, Ph.D.
Dept Chemistry, Univ California Berkeley, Berkeley, CA, USA.
Cellular signal transduction reactions are largely confined to membrane sur-
faces. This environment amplifies tendencies towards inhomogeneous spatial
organization and patterning. In recent years, these phenomena have been rec-
ognized to play important functional roles in signaling as well. The use of sup-
ported membrane technology to observe, control, and study the spatial aspects
of cellular signal transduction chemistry will be discussed.
